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Abstract

We report the results of dc resistivity, ac susceptibility, and thermopower study of partial substitution at Y (4
site by Ca) and at Cu (B site by Ni) polycrystalline superconductors. The iodometric analysis reveals that the
oxygen deficiency, o, for YBa,Cu;0.5 (S-I), Yo9Cag; Ba,CuzO75 (S-11), Yo3Cag,BayCusO75 (S-1II) and
Yo.0Cag 1 Bay(Cugg9Nig1)307.5 (S-IV) samples are 0.16, 0.30, 0.39 and 0.29 respectively. The x-ray powder
diffraction pattern indicates that all samples are in orthorhombic phase. The dc resistivity, ac susceptiblity
and the thermopower measurements shows that the divalent Calcium doping at the trivalent Y site and transi-
tion metal Ni doping at Cu site causes a suppression of the superconducting transition temperature (7,) from
89 to 81 K. The ac susceptibility confirms the ferromagnetic to antiferromagnetic phases at a defined 7. The
room temperature S value increases for Ca substituted YBa,Cu;O;.s while to that it decreases for
Yo.0Cag 1Bay(Cug99Nig1)306.71. The above feature is an indicative of enhanced number of mobile holes for
the Ca doped YBa,Cu;07.5, while to that the charge carrier density is reduced in simultaneous 4 (Ca) and B

(Ni) site doped sample.
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1. Introduction

Both alkaline earth and transition metal substitutions in
cuprate superconductors are important for the phenome-
non of superconductivity. The presence of magnetic im-
purities with variable concentration of carriers can cause
changes of transport and electronic properties of the bulk
system. All cuprate superconductors transformed from
anti-ferromagnetic insulators to superconductors, and then
to metals for enhanced doping. Thus the substitutional
effects in the host compounds provides key insights into
the electronic properties, phases, active phonon modes
and symmetry of high-T7, superconductivity and has been
a major focus of high-T, research in superconductors,
since its discovery [1].

The YB,Cu;07,_5 (YBCO) is an ideal superconductor
and much research activities are focused mainly to inves-
tigate substitutional effects at Y (4) [2-5] site. The partial
substitution of Y** by Ca*" in YBCO changes the carrier
concentration and influences the charge transfer from the
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Cu-O chains to the conducting CuO, layers. Ideally, the
Oxygen induces superconductivity in Ca-free YBCO
while Ca does similarly in oxygen-deficient YBCO. The
optimal value for oxygen doping of YBCO is for 6 =
6.92 with a T, of about 90 K. The substitution of alkaline
earth metals at A site suppresses the superconducting 7
from 90 to 80 K and has been a subject of immense im-
portance.

On the other hand, the presence of transition metal
impurities at Cu site (B) in YBa,Cu3;07.5 cuprates as well
increased oxygen deficiency further suppresses the tran-
sition temperature (7,) [6-11]. Less attention has been
paid on simultaneous partial substitution of divalent al-
kaline earth at Y site (4) and transition metal impurity at
Cu site. It is now established that high-T, cuprates as
YBa,Cu;07.5 show a large number of interesting features
that includes antiferromagnetic, pseudogap, marginal
Fermi liquid and ordinary Fermi liquid phases in addition
to the superconducting phase, apart from the changes in
the superconducting transition temperature 7, [12,13]. It
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is worth to comment that 4 and B site doping in
YBa,Cu;07.s superconductors will lead to an under-
standing of the effects of pair breaking, local moments,
hole doping, ion size effects and disorder on the super-
conducting condensate.

The transport measurements as dc electrical resistivity
and thermopower are powerful probes to investigate the
electronic states and phases of the host as well of the
partially substituted YBCO either at 4 or at B site. It is
inferred from the resistivity measurements that with the
enhanced Ca doping at Y site, the resistivity of the sam-
ples decreases significantly [3,4]. Furthermore, Ni atoms
substituted for Cu in YBa,Cu;07.5 the resistivity for
minimal doping decreases as compared to the parent
compound, while to that for enhanced doping (50%) the
resistivity increases [7]. Substitution of Cu with metallic
elements should produce substantial changes in the su-
perconducting 7., which is also reflected in the transport
properties. It is worth to mention that no systematic ef-
fort has been made to study the simultaneous substitu-
tional effects in YBa,Cu;0;.5 with both 4 and B site
doping.

The thermopower measurement is a technique that
gives information about charge carriers. The YB,Cu;07_5
superconductor contains both two-dimensional CuO,
planes and one-dimensional CuO chains. We may refer
to the work of Bernhard and Tallon [14], who investi-
gated the thermopower of polycrystalline
Y ..Ca,B,Cu307_5[0 < x 0.2 and 0.04 < 5 < 0.98]. The
partial substitution introduces additional hole carriers
into the CuO, planes and makes the YBCO system ac-
cess far into the overdoped regime [15]. The measured
thermopower decreases almost linearly with temperature
and a room temperature value of S~ 1 - 2 uV/K is docu-
mented and is argued for the CuO, plane contribution.
We must mention that no result has been documented in
the literature about thermopower for Ni doping at Cu site
in YBa,Cu;07.s superconductors. Henceforth, it is the
purpose of the present paper to investigate the effect of
transport properties on the simultaneous substitutional
effects in YB,Cu307_s superconductors.

The ion size effects and disorder on the superconduct-
ing state are substantial in YBCO superconductors and
with these motivations, we aimed at the understanding of
transport properties of both A [divalent Ca (4s7) at the
trivalent Y (4d'5s%)] and B [Ni (3d*4s?) at the Cu (3d"%4s")]
site substitutions in Y;.,Ca,Ba,Cu;0,_s(YCBCO) and Y.,
Ca,Ba,Cu;,Ni,07_s (YCBCNO) superconductors. We
must mention that the individual effects have been re-
ported earlier in the literature but a simultaneous effect
of the Ca substitution and Ni doping has not been inves-
tigated. We perform the dc resistivity, ac susceptibility,
and thermopower measurements of YBa,Cu;O.s (S-D),
Yo9Cap1Ba;CuzO07s (S-II), Yo3Cag,Ba,Cus07.5 (S-1II)
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and YO,‘;CaO,]BaQ (CUOAggNi0A01)3O7_5 (S-IV) Superconduc—
tors to delineate the substitutional effects both at 4 and B
sites.

2. Experimental Details

Polycrystalline samples of YB,Cu;0,s (YBCO),
Y ..Ca,Ba,Cu30;7_s(YCBCO) and Y., Ca,Ba,Cus.,
Ni,07_5 (YCBCNO) [S-I — S-IV] were prepared for the
experiments conducted by the solid-state ceramic route
[16]. Powders of Y,0s3, BaCO;, CaCOs, Fe,03, and NiO
in the stoichiometric ratios were mixed and annealing at
temperatures (850°C, 900°C) for 24 hours with interme-
diate grindings. The pellets were annealed at 950°C for
48 h in Oxygen atmosphere. The samples are cooled in
oxygen at the rate of 5 to 10 C per minute. A slow with
preferably a long anneals enable to have a proper stoi-
chiometry. The x-ray diffraction (XRD) measurements
were carried out with Cu Ko radiation using a Rigaku
powder diffractometer equipped with a rotating anode
scanning (0.01 step in 26) over the angular range 10° -
80° at room temperature generating x-ray by 40 kV and
100 mA power settings. For finding oxygen content we
perform the improved iodometric titration reported [17].

The dc resistivity and thermo power measurements of
all prepared samples (SI-SIV) have been done to 10 -
300 K. The dc resistivity measurements using four-probe
method. Indium contacts are made on the polished sur-
face of the sample. The sample is in the form of a rec-
tangular rod. The SI temperature controller, Schlumber-
ger multimeter and Advantest current source is used for
the measurement. A vacuum of the order of 10” mbar
was maintained in the chamber with the help of turbo
molecular pump assembly with silicon diode as the sen-
sor. The ac susceptibility measurements were carried out
using home made setup [18]. In the critical region, the
temperature was controlled to an accuracy of 0.01 K us-
ing commercial Lakeshore controllers DRC93CA and
340.

3. Results and Discussion

The XRD patterns of YBa,Cu;O04 54 (S-1),
Y o0.90Ca0.10BayCu3O¢ 7 (S-1I), Y 80Cag20Ba;Cu3066;1 (S-1II)
and Y0A9CaOA1Ba2(Cu0A99 Ni0A01)3O6A71 (S-IV) are shown in
Figure 1. These are indexed in the orthorhombic phase
and the deduced lattice parameters are illustrated in Ta-
ble 1. The above lattice parameters are consistent with
the earlier reports and corresponds to space group Pmmm
[3,7]. It is inferred that the cell volume increases as Ca
doping is partially enhanced at Y site, it further decreases
for Ni doping at Cu site. The oxygen content in prepared
samples is determined by the improved iodometric ti-
tration method [17]. We find the value of 6= 0.16, 0.30,
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Table 1. Lattice parameters, cell volume and oxygen content of YBCO superconductors.

S. No. Sample details a(A) b () cd) V(AY) 5
1. YBa,Cuz075 (SI) 3.8067  3.8821  11.6789 17259  0.16
2 Yo9Cay 1Ba;Cuz0.5 (SIT) 3.8328  3.8764  11.7484 174551  0.30
3. Yo05Cao2Ba;CuzOr.s (SIIT) 3.8369  3.8784  11.7365  174.651  0.39
4 Yo.9Cag1Ba; (Cug.0oNig 01);07.5 (SIV) 3.8280  3.8864  11.6372  173.17 029
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Figure 1. The Xx-ray diffraction pattern for samples S-1 (YB32CU306.84), S-1I (Y0.90C30.10B32CU3070), S-111 (Y0.80C30.20B32CU306.61)

and S-IV (Y(9Cay1Ba,(Cug g9 Nig91)306.71)-

0.39 and 0.29 for S-1 to S-1V, respectively. We note the
prepared polycrystalline samples are single phase and the
oxygen content as determined from the Ilodometric
analysis is consistent with the earlier findings [3].

The experimental data for dc resistivity of all these
samples are illustrated in Figure 2. The superconducting
transition temperature 7, of samples S-I to S-IV is
documented in Table 2. It is noticed that the 7, decreases
with the increased Ca doping at Y site and further de-
creases with the substitution of Ni at Cu site. The above
is attributed to the fact that the substitution of Ca®" for
Y** in YB,Cu;07_5 (YBCO) generates holes. The Ca
substitution at Y site leads to counteract the hole-filling
effect of oxygen vacancies, and the result is a significant
increase in conducting hole concentration. The measured
values of transition temperature 7, are comparable to the
reported data [14] for parent as well as Ca and Ni doping.
Furthermore, above 7., we have observed metallic be-
havior for all prepared superconductor samples. It is ar-
gued that in Y0‘9Ca0‘lBa2(Cu0‘99 Ni0<01)306‘71 the transition
metal ions (Ni) are distributed nearly equal between Cu
(1) chain and Cu (2) plane sites [11]. The transition metal
Ni ions act as hole filling agent and hence shows sharp
transition at superconducting state with minimum oxy-
gen deficiency as compared to the parent YB,Cu3O7 5
superconductor. Later on, the ac susceptibility measure-
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ments of these samples were carried out to confirm the
superconducting 7, as shown in Figure 3. It is noticed
that all the samples S-I to S-IV superconductors undergo
a transition from paramagnetic to diamagnetic phase at a
defined T.. The T, values were determined from the in-
flexion points of the y (7) curves consistent with the pre-
vious measurements [3].

The results of thermopower (S) measurements for S-I
to S-IV are shown in Figure 4. The value of S at room
temperature is found to be positive for all the samples,
indicating them to be predominantly hole-type conduc-
tors. The measured values of thermopower at room tem-
perature for samples S-I-S-IV are 8.3, 10.6, 19.6 and 7.3
u V K, respectively. These values are consistent with
the previously reported values [14]. It is inferred that the
value of thermopower at room temperature increases
monotonically with increasing Ca x for first three sam-
ples, implying that the number of mobile hole as carrier
increases with increasing x in the Y;,Ca,Ba,Cu;07 su-
perconductor. The result for
Y.9Cag,1Bay(Cugg9 Nig1)30671 superconductor could not
be compared due to lack of data.

4. Conclusions

The present investigations explore the effect of doping
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Figure 2. Variation of dc resistivity as a function of temperature for samples S-I — S-IV.

01 T T T T
SEY
0.0 - Wmmvnn:vnmvn—tn
y [ AAAAAAAAAAI{AA—A’AfA’A’A'A'A*A'A*‘
- /' e
) A®
S 01} / Ae " -
g 1N\
2 /‘ | JoNs-l
L oo2t J o4 . .
= / 14
v A S-|
R l ) L —n-S|
TN S —e— sl
1d )/ —A—SI
04 !6..&"'.7.7. —v—SIV -
“.A“ 1 1 1 1 L
80 85 90 95 100

T(K)

Figure 3. The ac susceptibility behavior with temperature for samples S-I — S-IV.

Table 2. Transition temperature T, oxygen content (3) and resistivity p values as p (300 K) and p (T;) for YBCO supercon-
ductors along with previous measurements [14].

S. No. Sample details K & T.(K) P /(’Sg‘;‘c’nlf)) ( &(;21 |
1 YBa,Cu;015 (S-) 89 0.16  93.5[14] 0.12 [14] 135 112
2. Y.9CagBa,Cu;07.5 (S-1I) 83 0.30 87.9 [14] 0.26 [14] 3.56 2.45
3. Yo.5Cagp,Ba,Cu;07.5 (S-111) 82 0.39 85.5[14] 0.38 [14] 3.94 2.87
4 Yo.9Cap, 1 Ba, (Cupg9Nig.01)307.5 (S-1IV) 81 0.29 1.18 0.91

[non magnetic Ca substitution at Y site and transition
metal Ni at Cu site in YBa,Cu;07_s superconductors] on
the structural, electrical, and magnetic properties. The
x-ray diffraction patterns of all samples were indexed in
the orthorhombic phase with space group Pmmm. All the
samples were found to be monophasic without any trace
of impurity like BaCuOj; or related phases. The cell vo-
lume increases as Ca doping increases at Y site, it further

Copyright © 2011 SciRes.

decreases for Ni doping at Cu site. Resistivity and
susceptiblity data shows the 7, at 89, 83, 82 and 81 K for
S-1 — S-IV samples, respectively. Divalent Calcium (Ca)
doping at the trivalent (Y) site and transition metal Ni
doping at Cu site causes a suppression of the super- con-
ducting transition temperature (7,) from 89 to 81 K.
Above T,, the resistivity data for all samples shows
metallic behaviour but as Ca doping at Y site (S-II)
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Figure 4. Variation of thermopower as function of temperature (S) for samples S-I — S-IV.

compare to parent sample (S-I), the magnitude residual
resistivity is larger and if further increase the doping of
Ca concentration at Y site (S-III), then it also increases.
The B site Ni doping (S-IV) at Cu, a metallic characteris-
tic is noticed but residual resistivity decreases as com-
pare to the parent sample (S-I). The ac susceptibility
measurements show a transition from ferromagnetic to
antiferromagnetic phase at the well-defined 7,. The room
temperature thermopower value increases with increased
doping [S-I — S-III] while it decreases for simultaneous
doping at 4 and B site [S-IV], indicating an enhanced
number of mobile holes for first three samples and re-
duced charge carrier for 4 and B site doped S-IV sample.
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